INTRODUCTION
In studies analysing the growth and development of trees, the balance between photosynthesis/respiratory rate [1] , coordination between the above-ground and underground organs [2] , metabolic processes [3] and the changes in environmental factors were found to be affecting the growth and development of trees [4, 5] . Approximately, 1/3 of daily photosynthesis gain of young trees was used for respiration [6] ; this consumption increased in old trees even more with the change in the ratio of photosynthetic tissue/nonphotosynthetic tissue [7] [8] [9] ; deficiency in nutrient distribution and the respiratory activities were the determining factors that reflect the aging phenology; and when the tissues and organs completed their maturation period, the respiration slowed down, while the senescence accelerated [10] . The effect of irreversible deterioration, which started in the physical and chemical structure of chloroplasts, in the stimulation of senescence was very high. The accumulation of toxic substances in the tissues and cells such as reactive oxygen (ROS), malondialdehyde (MDA), and ketones increased and apoptotic deaths started afterwards [11] . The prediction of biological life of a tree, and thus the future of a forest, depends on the determination of its economic life and cause-effect relationships. Hence, many researchers reported that establishing the ecological characteristics of the forests and the individual growth and increment relationships of all the species forming those forests was an important step in forest planning [12, 13] .
Oriental beech (Fagus orientalis Lipsky.) is an important species covering a total of 1,751,484 ha of spreading area including 1,373,245 ha of productive high forest lands and 378,239 ha of unproductive high forest lands in Turkey, and it takes the third place in terms of country-wide growing stock after Turkish pine (Pinus brutia Ten.) and Anatolian black pine (Pinus nigra Arnold) [14] . However, forest lands around the world have been decreasing due to silvicultural interventions, which were not conducted according to abiotic and biotic stress factors and techniques, and which is why the productivity in the forests of oriental beech, which is one of our fundamental tree species, has also been decreasing [15] . The fact that forests in Turkey have rich biological and genetic diversity depending on different habitat conditions is directly effective in determining the techniques to be applied in the rejuvenation and maintenance works to be carried out, and in the success of those works. For this reason, in forest lands, where silvicultural interventions are carried out, the growing conditions of oriental beech trees, stand establishment characteristics (pure or mixed stands, closure, density, etc.) and particularly the monitoring of age-related growth and development relationships have significant importance [16, 17] . In this study, the age-related changes in organic compounds such as photosynthetic metabolism, which takes part in growing and development processes of oriental beech trees of different ages, protein, proline, soluble sugars, damages occurring in cellular membranes and their effects on chemical content, antioxidant enzymes, total phenolic compounds and flavonoids were presented.
MATERIAL AND METHODS

Material
Oriental beech trees (Fagus orientalis L.) of different ages (≥25, ≥50, ≥100, ≥200 and ≥600 years-old) located at 1300 m high elevation (2º23'50" N, 33º46'50" E) ( Figure 1 ) in Ahlat Village of Kastamonu Province constituted the material of this study. The age determination of the trees in the sampling area was performed by counting the annual rings on the increment corer taken by an increment borer from 3 trees in each agegroup at the breast height (d 1.30 m). While determining the age of the tree with increment borer, attention was paid to ensure that the increment corer was in two perpendicular directions in order to prevent the error that may occur in measuring the annual ring and eccentric growth. The fresh leaves under the canopy of the trees belonging to each age group in the sampling area were collected from each direction of the tree in the second half of July [18] .
Methods
In leaf samples taken from trees of different ages, photosynthetic pigments (chlorophyll a, chlorophyll b, total chlorophyll and carotenoid), proline, total soluble protein, total amino acid, glucose, sucrose, total soluble sugars, the amount of total phenolic compounds and flavonoids, malondialdehyde (MDA), hydrogen peroxide (H 2 O 2 ) concentration, enzyme activities of ascorbate peroxidase (APX), catalase (CAT) and superoxide dismutase (SOD) as well as the relationship between the total content of C, N and H elements and the tree ages were studied.
The C, N and H content of the leaf samples was measured by the XRF device of SPECTRO brand and XEPOS model available at Kastamonu University Central Research Laboratory.
In order to determine the chlorophyll content, 0.5 g of fresh leaf tissue was thoroughly crushed inside liquid nitrogen and was homogenized by adding 5 ml of 80% acetone solution at 4°C [19, 20] The homogenate was centrifuged at 3000 rpm for 10 minutes and the spectrophotometric reading of the supernatants taken were performed in triplicate at the values of 450, 645, 663 nm. In determining the total chlorophyll content, the Arnon equation [21] was used, whilst the carotenoid content was determined based on the FIGURE 1. Research area Jaspars formula [22] . The proline content in leaf samples was determined according to the Bates method [23] , whilst the protein content was determined according to the Bradford method [24] , MDA [25] and H 2 O 2 extraction [26] .
Total carbohydrate quantitation was carried out by using the Anthrone method [27] ; 1 g of powder sample was homogenized in 80% ethanol. Absorbance of some of the homogenate was measured at 630 nm by a spectrophotometer, and glucose and total starch quantitation was performed. The remaining filtrate was extracted using 52% perchloric acid and its absorbance values were measured at 620 nm wavelength by a spectrophotometer, and were then used for sucrose and total soluble carbohydrate measurement. Total phenolic analysis was performed according to the spectrophotometric Folin-Ciocalteu method [28] . Total flavonoid quantitation was carried out spectrophotometrically (Shimadzu UV-260) [29] .
While determining the enzyme activities of fresh leaf samples, 0.5 g of fresh leaf sample was crushed inside liquid nitrogen and then homogenized with 5 ml of 50 mM (pH=7.6) KH 2 PO 4 (pH=7) buffered solution containing 0.1 mMNa-EDTA. The homogenized samples were centrifuged at 15000 g and 4°C for 15 minutes. Enzyme activities were measured in this supernatant. APX was determined spectrophotometrically according to the method applied by Nakano & Asada [30] by measuring the oxidation rate of ascorbate at 290 nm (E=2.8 mM cm-1), while CAT activity was determined spectrophotometrically according to Bergmeyer [31] , and SOD enzyme activity according to the method applied by Cakmak [32] .
Statistical Analysis
Whether each parameter of the chemical compounds detected on the leaves differed significantly by age or not was presented through the F-test of the Analysis of Variance (ANOVA) using the SPSS program (Version 11). According to the ANOVA results (P≤0.05), to determine statistically significant differences between means Tukey test as a multiple range test was applied.
RESULTS
Changes in the Amount of Photosynthetic Pigment, Total Phenolic Compounds and Flavonoids
Changes in the amount of photosynthetic pigments, total phenolic compounds and flavonoids in the oriental beech leaves are given in Table 1 . According to the variance analysis results, the amounts of chlorophyll a, b, chlorophyll a/b, total chlorophyll, total phenolic compound and flavonoids showed significant differences depending on tree age except total carotenoids ( Table 1) .
The pigment content changed significantly according to age groups of the trees (p<0.05). The highest content of chlorophyll a in eastern beech trees was detected in the youngest age group of ≥25 years-old trees (0.159 mg), while the content of chlorophyll b was found in older trees. The lowest content of chlorophyll b was found to be 0.128 mg in ≥25 years-old trees ( Table 1) .
The total chlorophyll content varied between 0.287 and 0.408 mg. While the youngest (≥25) oriental beech tree had the lowest chlorophyll content of 0.287 mg, the oldest (≥600) oriental beech tree within the research material had the highest chlorophyll content of 0.408 mg. In terms of chlorophyll a/b, ≥25 years-old age group was found to have the highest chlorophyll a/b value, while the ≥600 years-old group had the lowest. Chlorophyll a/b ratio of the youngest group was found to be approximately 2.3 times higher than the oldest group.
No significant change was detected between age groups of trees in terms of carotenoid content. In terms of total phenolic compounds content, the highest value was obtained from a tree older than 600 years, while in terms of flavonoids content, the highest value was obtained from a tree older than 200 years. The lowest total phenolic compound content was recorded in a tree older than 200 years, and the lowest flavonoid content was recorded in a beech tree older than 25 years (Table 1) .
Changes in the Amount of Glucose, Sucrose, Total Soluble Carbohydrate and Starch
While significant differences were detected in the glucose and sucrose contents of beech trees of different ages, no significant change was determined in total soluble carbohydrate and starch contents. In addition to this, the highest glucose, total soluble carbohydrate and starch contents were detected in beech trees older than 200 years, while the highest sucrose content was recorded in trees older than 600 years (Table 2) .
N, C and H Content Changes
In oriental beech tree leaves, the N content was found to be the highest in trees older than 200 and 100 years, and Sig. Lev. 0.000 0.000 0.000 0.001 0.443 0.000 0.000 the lowest in trees older than 50 years. Hydrogen content is the highest in beech trees older than 200 and 100 years and the lowest in young beech trees older than 25 years (Table 3) .
Changes in Proline, Total Soluble Protein, Total Amino Acid and MDA and H2O2 Concentration
Age-related change of nitrogenous compounds such as proline, total soluble protein, total amino acid and nitrogen (%) in oriental beech trees was found statistically significant. Also, MDA and H 2 O 2 concentrations demonstrated significant age-related differences. H 2 O 2 concentration varied between 80.88 µmol and 161.53 µmol (Table 4 ).
Antioxidant activity changes
APX, CAT and SOD activities were affected by tree age at a significant level. The APX activity was found to be the lowest in a tree older than 600 years. CAT activity was 72.96% higher in trees older than 200 years compared to ≥600 years-old trees and 13.54% lower in trees older than 100 years. On the other hand, the SOD activity was found to be higher in ≥50 and ≥600 years-old beech trees ( and starch contents are higher in trees older than 200 years, while sucrose content is higher in trees older than 600 years. Contrastingly, glucose, sucrose, total soluble carbohydrate and starch contents have at the lowest levels in the youngest beech trees (≥25) ( Table 2 ). The fact that total carbon, total soluble carbohydrate and starch contents in beech trees of different age groups do not change significantly shows that the photosynthesis/respiration rate is equal during the day and that there is no problem in the distribution of assimilates and metabolites in trees [6] . Morphology, functions and biochemistry of cells, tissues and organs of the plants change during their developmental stages such as seedlings, juvenile, adult and senile stages [40] . Increase in tissue and organ deformation along with aging stimulates the accumulation of lipid peroxidation products such as MDA and ketonic compounds, and the ROS derivatives such as H 2 O 2 and SOD anions in plant cells and tissues [41] . However, the plants can destroy these compounds, which reduce the cellular activity and stimulate oxidative stress in plants, by means of APX, CAT, peroxidases and enzymatic compounds such as SOD, carotenoids, phenolic compounds and non-enzymatic compounds such as proline [42] . Within the scope of this study, MDA concentration was found to be the highest in the youngest beech tree, whereas H 2 O 2 concentration was low in young trees and high in middle-aged and mature trees (Table 4 ). Especially, the ≥100 years-old oriental beech tree has the highest H 2 O 2 content. According to the results obtained, it was concluded that MDA and H 2 O 2 concentrations of trees vary depending on genotype, environmental conditions, tree age and metabolic activities ( Table 4 ). In the studies conducted, it was stated that MDA and H 2 O 2 concentrations in plants increased during processes such as tissue and organ development, tracheal differentiation and senescence [43] . Deteriorations in the lipid structure and increase in the cell MDA and ROS derivatives were determined to be formed through leaf development [44] , through the formation of tracheal elements in the leaf [45] , and through aging of tissue and organs [46] . In this study, the changes in H 2 O 2 concentration of oriental beech trees confirm this result. The fact that H 2 O 2 content in trees older than 600 years decreases compared to trees older than 200 and 100 years was associated with the fact that young trees have larger leaf area compared to the old ones, and the fact that transmission bundle areas decrease with body deformations of the tree [45] . In addition, secondary cell walls activities in the old trees also work with H 2 O 2 activity [46] .
DISCUSSION AND CONCLUSION
Chlorophyll a, chlorophyll b, total chlorophyll and carotenoids are photoreceptors functioning in photosynthesis. While chlorophyll a molecule plays an important role in the transmission of electrons, chlorophyll a and carotenoids are also effective in protecting the chloroplast membranes from getting photo oxidative damage as well as absorbing the light [33] . In the study, the highest chlorophyll a and the lowest chlorophyll b content were determined in the youngest oriental beech tree. Total chlorophyll was low in young trees, while it was high in middle-aged, old and very old trees. Total carotenoid did not demonstrate a significant change between trees (Table 1) .
These results were in accordance with the results of the study conducted on the age-related changes in photosynthetic activity and the pigment content. The photosynthetic pigment content in herbal tissues varied according to parameters such as leaf anatomy, morphology and growth status, age, height and volume of the tree as well as light, drought and soil characteristics [34, 35] . The fact that the leaves of the tree older than 25 years have high chlorophyll b and total chlorophyll content and have low chlorophyll a content was associated with light conditions.
In fact, chlorophyll b content was high in plants growing in low light conditions or in shaded areas [36] , while chlorophyll a content was decreasing; chlorophyll a and b molecules transformed to each other depending on the light conditions. H 2 O 2 ratio increased in case the chlorophyll b content was high [37] . Contents of chlorophyll b and H 2 O 2 in aged trees also confirmed this result ( Table 1, 4) . Since carotenoids, which protect the chloroplast membranes with their antioxidant characteristics, were more stable compounds compared to the chlorophyll molecule, they did not show a significant change among the trees [33] .
Carbon is the most abundant element found in all living systems. Researchers reported that 45% of the plants' dry weight was made of carbon, and that the plants obtained carbon through photosynthesis and respiratory reactions [6] . Apart from photosynthesis-fixed carbon being added in the structure of primary and secondary metabolites, it is also stored in pools in order to be used in the future [38] . C accumulation in plant tissues is closely related to the balance between photosynthesis and respiratory rate [39] . The C content in beech trees of different ages did not show significant changes (Table 3) . Glucose, total carbohydrate In this study, APX has the lowest activity in the oldest (≥600) beech trees, while CAT has the lowest activity in beech trees older than 100 years. SOD has the lowest activity in beech trees older than 200 years. In spite of this, APX activity is the highest in beech trees older than 100 years, CAT is the highest in trees older than 200 years and SOD in trees older than 50 years (Table 4 ). Not many studies of age-related enzyme changes could be found in the literature. However, the fact that morphological, physiological and biochemical changes in the developmental stages of the tree, especially age-related senescence events, stimulate the membrane functions and structure as well as the ROS production necessitate the synthesis of antioxidant compounds [10, 11] . As a matter of fact, high H 2 O 2 damage in trees older than 200 years may be balanced with high CAT activities and with high APX activities in trees older than 200 years (Table 4 ) [47] . Both enzymes eliminate the impact of H 2 O 2 . In addition to this, high levels of SOD and APX activity in trees with low MDA content also refer to the inhibitory effects of these enzymes on lipid peroxidation [48] .
Among the non-enzymatic compounds contributing in the elimination of ROS accumulation and lipid peroxidation damages, proline and total soluble proteins are particularly important [49] . In addition, phenolic compounds and flavonoids are also important non-enzymatic compounds affecting the growth and development of plants [50] . Besides, they play an important role in increasing tolerance to environmental changes through their functions such as cell wall activities, distribution of assimilates and osmotic regulation [51] .
The highest proline, total soluble protein and total nitrogen contents of beech trees at different ages were detected in tree leaves older than 200 years. These compounds have the lowest values in beech trees older than 50 years ( Table 5 ). The fact that proline and protein contents are the lowest in beech trees older than 50 and 600 years, where the nitrogen content is low, suggested that nitrogenous compounds were closely related to nitrogen available in tissues. The proline and protein contents in the tissues were related to the nitrogen pool [52] .
As a matter of fact, this result arose due to the fact that the proline and protein values were the highest in oriental beech trees older than 200 years, which had also the highest N content. Furthermore, in a tree older than 100 years, where the total N content is the second highest, the aforementioned compounds are also the second highest (Table 3 ). In addition to this, the high content of chlorophyll pigments in these trees also indicates the adaptation to source/pool balancing [53] . Moreover, the high nitrogen content in trees older than 100 and 200 years may be a physiological response to the increase in hydrolytic resistance of these trees [54] . H 2 O 2 -stimulated proline synthesis stimulated the wall resistance, thus increasing tolerance to stress in plants [55] .
Phenolic compounds are secondary metabolite derivatives which are involved in physiological processes such as being the compounds of cell wall elements, regulating the wall elasticity and plasticity, and ensuring resistance to photoprotectant and pathogen attacks against the UV light [56] . The content of total phenolic compound is the highest in the oldest and youngest oriental beech trees, while it is the lowest in a tree older than 200 years. The flavonoid content did not demonstrate significant changes among the trees, but the highest flavonoid content was detected in a tree older than 200 years ( Table 5 ). Total phenolic compounds and flavonoid values indicate that there are no significant changes to cause stress in the environment where the oriental beech trees grow [50] .
Amino acid, proline, H, glucose, sucrose and total soluble carbohydrate contents in trees older than 100 and 200 years indicate that the respiratory activities are high [57] . In trees older than 600 years, glucose and sucrose contents coincide with pigment values. This result indicates that photosynthetic activity is more associated with leaf characteristics rather than the tree age. Many researchers state that the photosynthetic activity of the leaf changes depending on the developmental status of the leaf, the leaf's position on the plant and its light-receiving capacity [53] [54] [55] [56] [57] [58] .
